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WILLIAM A. H. MacLEAN, MD, FACC
Birmingham, Alabama
An unusual case is presented in which ventricular tachy-
cardia at a rate of 141 beats/min was transiently en-
trained by rapid atrial pacing at rates of 150, 155 and
160 beats/min, and was interrupted by rapid atrial pac-
ing at a rate of 165 beats /min. During each period of
transient entrainment, constant ventricular fusion beats
were present except for the last entrained beat , and pro-
gressive ventr icular fusion (different fusion QRS com-
plexes) was demonstrated when comparing QRS com-
plex configurations during transient entrainment at each
Transient entrainment of a tachycardi a with rap id pacing is
an increase in the rate of the tachycardia to a faster pacing
rate , with resumption of the intrinsic rate of the tachycardia
on either abrupt ces sat ion of pacing or slowing of the pacing
rate below the intrinsic rate of the tachycardia (1,2). Pre-
viou s studies of transient entrainment and subsequent in-
terruption of atrial flutter during rap id atrial pacing (3) and
of ventricular tachycardia during rapid right ventricular pac-
ing (I) provided the first descript ions of transient entrain-
ment of an arrhythmia and differentiated such entrainment
from simple overdrive suppression of an arrh ythmia . How-
ever , the mechanism of the tran sient entrainment and in-
terruption of both atrial flutter and ventricular tachycardia
was unclear .
We recently demonstrated (2) the mechanism of tran sient
entrainment and interruption of atrioventricular (AV) bypass
pathw ay type paroxysmal atrial tachycardia. Transient en-
trainment of th is tach ycardia was show n to be due to re-
peat ed earl y entrance of the wavefront from the pacing im-
pulse into the spontaneous tach ycardia ' s reentrant loop in
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pacing rate. Interruption of the ventricular tachycardia
was associated with localized conduction block to the
right ventricular recording site, followed by activation
of that site from a different direction and with a shorter
conduction time by the subsequent pacing impulse.
These data clearly distingui sh transient entrainment
of a tachycardia from overdrive suppression of a tachy-
cardia, and strongly suggest that reentry was the un-
derlying mechanism of the ventri cular tachycardia.
both an antidromic and orth odrom ic direction . The ant i-
dromic wavefront from each pacing impul se was repeatedly
blocked as it collided with the orthodromic wavefront of
the previous beat and , in effec t, extinguished the tachy-
cardia. However, the earl y entrance of the orthodromic
wavefront of each pacing impul se repeat edly reset the tachy-
cardia . The result was that during transient entrainment, the
tachycardia rate increased to the pacing rate. With termi-
nation of pacing after transient entrainment the tachycardia
resumed because the orthodrom ic wavefront of the last pac-
ing impulse traveled around the reentrant loop unopposed ,
thereby resultin g in continuation of the spontaneous tachy-
cardia at its previous spontaneous rate . Interruption of the
tachycardia occ urred when rapid pacing produced a block
with in the reentrant loop of both the antidromic and or-
thodromic wavefronts of the same pacin g impulse during
the same beat.
On the basis of these data, we suggested that transient
entrainment of AV bypa ss pathway type paroxysmal atrial
tach ycardi a could be used as a model for identifying and
understanding reentrant arrh ythmi as (2). We also sugges ted
that the underlying mechanism of the arrhythmia can be best
explained by reentry (2) if; I) one can demonstrate constant
fusion beats during tran sient entra inment of a tachycardia
except for the last transi entl y entrained beat , 2) during tran-
sient entrainment of a tach ycard ia at two or more different
pacing rates, one can demonstrate co nstant fusion at each
of the different pacing rates but different degrees of fusion
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(progressive fusion) at the different rates, or 3) interruption
of a tachyarrhythmia by rapid pacing is associated with
localized conduction block to a site followed by activation
of that site from a different direction and with shorter con-
duction time by the next pacing impulse.
The present report demonstrates all three of these phe-
nomena during transient entrainment and interruption of
ventricular tachycardiaduring rapid atrial pacing. This unique
case is presented for several reasons: I) for the first time.
it illustrates the mechanism of transient entrainment and
interruption of ventricular tachycardia; 2) it shows clearly
the criteria required for establishing unquestionable presence
of transient entrainment of ventricular tachycardia (as op-
posed to being unable to differentiate transient entrainment
from simple overdrive suppression of a protected focus [1]
or the like); 3) it fulfill s all the criteria during transient
entrainment and subsequent interruption of an arrhythmia
that strongly suggest an underlying reentrant mechanism;
and 4) it serves to highlight the underappreciated point that
ventricular tachycardia may be interrupted by rapid atrial
pacing if I: I AV conduction at a sufficiently rapid rate can
be achieved.
Case Report
Surgical Procedure and Postoperative Pacing
In 1978. a 38 year old man underwent open heart surgery
to treat aortic regurgitation and a false aneurysm extending
from near the right coronary cusp to the muscular interven-
tricular septum. The aortic valve was replaced with a Car-
pentier-Edwards valve prosthesis, and the false aneurysm
was oversewn. At the termination of surgery, but before
closure of the chest wall, a pair of temporary epicardial wire
electrodes were placed high in the right atrium and a single
epicard ial wire e lectrode was placed on the right ventr icular
epicardium. All electrodes were then brought out through
the anterior chest wall for potential diagnostic and thera-
peutic use in the postoperative period (4.5) .
In {he immediate postoperative period , the patient had
sinus rhythm. The electrocardiogram demonstrated fi rst de-
gree AV block, a right bundle branch block pattern and
marked left axis deviation. Subsequently. the patient de-
veloped recurrent ventricular tachycardia with a left bundle
branch block pattern (Fig. I) that was resistant to antiar-
rhythmic drug therapy, which included procainamide, li-
docaine and phenytoin.
Because the patient was hemodynamically stable and there
was I: I ventriculoatrial (VA) conduction during the epi-
sodes of ventricular tachycardia, rapid atrial pacing was
utilized in an effort to interrupt or control the arrhythmia.
Atrial pacing was performed at selected rates using a Med-
tronic 1349A programmable stimulator. During the pacing
procedures, electrocardiographic leads I and VI, either the
Figure 1. Leads I and V I recorded simultaneously with a bipolar
atrial electrogram (AEG) and a unipolar ventricular electrogram
(VEG) during spontaneous ventricular tachycardia (VT) at a rate
of 141 beats/min (425 ms cycle length). In this and subsequent
figures. the circled number indicates the duration of each QRS
complex in milliseconds and time lines are at I second intervals.
bipolar right atrial electrogram or bipolar atrial pacing stim-
ulus, and the unipolar right ventricular electrogram were
recorded simultaneously using an Electronics for Medicine
model DR12 switched beam oscilloscopic recorder. All data
were also recorded on a Honeywell model 5600C FM mag-
netic tape recorder for later playback and analysis.
Transient Entrainment of Ventricular Tachycardia
Pacing at 150 beats/min. Increase in ventricular rate
during rapid pacing. Figure 2 illustrates leads I and V I
recorded simultaneously with the right atrial stimulus arti-
fact and the unipolar ventricular electrogram during rapid
atrial pacing at a rate of 150 beats/min (400 mscycle length).
Figure 2. Leads I and V I recorded simultaneously with the atrial
pacing (A Pace) stimulus (S) artifact (Stirn.) from the atrial pacing
site and the unipolar ventricular electrogram (VEG) during atrial
pacing at a ratc of ISO beats/min (400 ms).
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Figure 3. Leads I and V I recorded simultaneously with the atrial
pacing (A Pace) stimulus artifact (Stirn) or atrial electrogram (AEG)
and the unipolar ventricular electrogram (VEG) at the termination
of atrial pacing at a rate of 150 beats/min (400 ms). In this and
subsequent figures, the open circle denotes the last stimulus artifact
(S), the asterisk denotes the last entrained beat, the arrow from
the stimulus artifact in the ventricular electrogram points to the
resulting ventricular electrogram (with the stimulus to ventricular
electrogram interval being indicated in milliseconds), and the dashed
arrow in lead I represents the last antidromic wavefront (Xnla])
and the solid arrow, the last orthodromic wavefronts (Xnlo]), from
the last pacing impulse.
Note that the ventricular rate increases to the pacing rate,
fulfilling one of the criteria for transient entrainment. Also,
note that the configuration and duration of the QRS com-
plexes in leads I and VI are constant, but have changed
when compared with those during the spontaneous ventric-
ular tachycardia. However, the configuration of the unipolar
ventricular electrogram is unchanged compared with that
during the spontaneous ventricular tachycardia.
Return oftachycardia to spontaneous rate on termination
ofpacing. Figure 3 illustrates the termination of atrial pac-
ing at the rate of 150 beats/min and demonstrates that the
ventricular tachycardia returns to its spontaneous ratepromptly
after termination of pacing, fulfilling another criterion of
transient entrainment. Note, however, that the ventricular
cycle length in all leads (I, VI and the ventricular electro-
gram) I beat beyond the last pacing stimulus is the same
(400 ms) as the pacing cycle length. It is not until the
subsequent cycle that the ventricular tachycardia returns to
its previous spontaneous rate. Of special interest, the last
transiently entrained beat (asterisk) has a different QRS
configuration than during the previous period of transient
entrainment, but this beat has the same QRS configuration
as during the ventricular tachycardia. Note also that con-
duction time from the last stimulus artifact to the last tran-
siently entrained beat at the right ventricular recording site
is 620 ms.
Norfusion of last entrained beat. As per our previous
observations of similar phenomena during transient entrain-
APace 150 bpm - off
I
620
ment of AV bypass pathway type paroxysmal atrial tachy-
cardia (2), the data in Figures 2 and 3 indicate that during
transient entrainment, there was fusion of ventricular acti-
vation resulting from collision of the antidromic wavefront
of each pacing impulse with the orthodromic wavefront of
each previous beat. However, because the orthodromic
wavefront of the last pacing impulse had no antidromic
wavefront from a subsequent beat with which to collide,
this last entrained beat was not fused despite occurring at
the pacing cycle (Fig. 3). These observations, therefore,
fulfill one of the suggestedcriteria for identifying a reentrant
rhythm, namely, the presence of constant fusion beats dur-
ing transient entrainment except for the last transiently en-
trained beat (2). Finally, the unchanged configuration of the
ventricular electrogram during transient entrainment and after
termination of pacing indicates that this electrode recording
site is being activated from the same direction, orthodrom-
ically, both during rapid atrial pacing and during the spon-
taneous ventricular tachycardia. Figure 4 diagrammatically
illustrates ventricular activation consistent with the data in
Figures I to 3.
Pacing at 155 beats/min. Figure 5 demonstrates the
termination of atrial pacing at a rate of 155 beats/min (387
ms cycle length). Note that during the period of rapid atrial
pacing, the ventricular rate again increases to the pacing
rate. Note also that the configuration and duration of the
QRS complexes in leads I and V I are constant during the
period of pacing, but have changed further when compared
with those during both the spontaneous ventricular tachy-
cardia and the previous rapid atrial pacing at 150 beats/min
(that is, there is progressive fusion). However, the config-
uration of the right ventricular electrogram again remains
unchanged during pacing compared with that during the
spontaneous tachycardia. With the termination of atrial pac-
ing (open circle), the ventricular tachycardia promptly re-
sumes at its previous rate. Once again, the last transiently
entrained beat (asterisk)occurs one cycle length beyond the
last pacing stimulus and the QRS complexes in leads I and
VI of this last entrained beat are not fused but rather have
the sameconfiguration as during the spontaneous ventricular
tachycardia. Note also that conduction time from the last
stimulus artifact to the last transiently entrained beat at the
right ventricular recording site is 626 ms.
Progressive fusion. Figure 6 diagrammatically depicts
ventricular activation consistent with the data recorded in
Figure 5; activation is identical to that for the events dia-
grammatically depicted in Figure 4, except that with the
shorter cycle length present during the faster pacing rate,
the antidromic wavefrontcan penetrate further into the reen-
trant loop. Therefore, each antidromic wavefront collides
with the orthodromic wavefront of each preceding beat at
a different ventricular location than at the previous slower
pacing rate, resulting in different degrees of fusion (pro-
gressive fusion) at the two pacing rates. The fact that the
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Figure 4. A, Left panel, Diagrammaticrepresentationof the reen-
trant loop during spontaneous ventricular tachycardia (VT) using
a model suggested from the work of Wit et al. (6) and EI-Sherif
et a!. (7). The X represents the orthodromic wavefronts of the
reentrant rhythm. In this and subsequent diagrams. the arrows
indicate the direction of spread of the impulse. the box represents
an area of slow conduction. the serpentine line indicates slow
conduction of the impulse in the latter area, the dot represents the
right ventricular electrogram (VEG) recording site and the large
arrow indicates the wavefront from the pacing impulse entering
into the ventricular tachycardia reentrant loop. where it is con-
ducted orthodromically (ortho) and antidromically (anti). Middle
panel, Diagrammatic representation of the introductionof the first
pacing impulse (X + 1) during atrial pacing at a rate of 150
beats/min during the spontaneous ventriculartachycardia. The an-
tidromic wavefronts from the pacing impulse (X + I) collide with
the orthodromic wavefronts from the previous spontaneous beat
(X). resulting in fusion of ventricular activation which. in effect.
interrupts the tachycardia. However, the orthodromic wavefront
from the pacing impulse (X + I) continues the ventricular tachy-
cardia, resetting it to the pacing rate. Right panel, Diagrammatic
representation of the introduction of the second pacing impulse(X
+ 2) during atrial pacing at a rate of 150 beats/min during the
spontaneous ventricular tachycardia. The antidromic wavefronts
(X + 2) collide withthe orthodromicwavefronts from the previous
paced beat (X + 1), again resulting in ventricular fusion. which.
again, in effect interrupts the ventricular tachycardia. However.
once again the orthodromic wavefront (X + 2) from the pacing
impulse continues the ventricular tachycardia. resetting it to the
pacing rate. Note that during the spontaneous rhythm and during
the period of pacing, the right ventricular electrogram (VEG) re-
cording site is always activated by an orthodromic wavefront. B,
Diagrammatic representation of the termination of atrial pacing
illustrated in Figure 3. Left panel, The large arrow indicates the
wavefront from the last pacing impulse delivered at a rate of 150
beats/minentering into the reentrant loop of the ventricular tachy-
cardia, where it is conducted orthodromically and antidromically.
The antidromic wavefronts (XnlaJ) collide with the orthodromic
wavefronts (Xnlo)) of the previous beat (X, - I) resulting in fusion
of ventricular activation. which. in effect. interrupts the tachy-
cardia. but the orthodromic wavefront from the last pacing impulse
continues. and, in fact, resets it. Right panel, The orthodromic
wavefronts from the last pacing impulse are now unopposed by
antidromic wavefronts from a subsequent pacing impulse. so that
no fusion of ventricular activation occurs despite the presence of
transient entrainment. This last entrained beat restarts the tachy-
cardia (dashed lines) which continues spontaneously. See text for
discussion.
right ventricular electrogram has the same configuration dur-
ing rapid atrial pacing as during the spontaneous rhythm
indicates that this recording site is being activated ortho-
dromi call y (that is, from the same direction as durin g the
spontaneous ventricular tachycardia).
Figures 3 and 5 illustrate all the criteria necessary to
establish the presence of transient entrainment: I) increase
in the rate of the tachy cardia to the pacin g rate, 2) resump-
tion of the intrinsic rate of the tachycardia on cessation of
pacing. 3) constant fusion during the period of transient
entrainment except for the last transiently entrained beat ,
and 4) progressive fusion . The latter two criteria also have
been suggested as demonstrating a reentrant rhythm (2) .
Pacing at 160 beats/min. Figure 7 illustrates termina-
tion of atr ial pacing at a rate of 160 beats/min (375 ms cycle
length). Again, all the phenomena of transient entrainment
are clearl y illustrated , namely, con stant ventricular fusion
except for the last tran siently entrained beat (asterisk); pro-
gressive fusion, as the QRS complexes in leads I and VI
during rapid atrial pacing at a rate of 160 beats/min show
Figure 5. Leads I and VI recorded simultaneously with either the
atrial pacing stimulus (S) artifact (Stirn)or atrial electrogram (AEG)
and unipolar ventricular electrogram (VEG) at the termination of
atrial pacing at a rate of 155 beats/min (387 ms). All intervals are
in milliseconds.
'5
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Figure 6. Diagrammatic representation of the termination of atrial
pacing illustrated in Figure 5. Left panel, Identical to the descrip-
tion of the left panel in Figure 4B, except that the pacing impulse
was delivered at a rate of 155 beats/min. Right panel, Identical
to the description of the right panel in Figure 4B. Note that the
right ventricularelectrogram(VEG) recording site is activated only
by an orthodromic wavefront from the pacing impulse. See text
for discussion.
Figure 8. Diagrammatic representation of the termination of atrial
pacing illustrated in Figure7. Left panel, Identical to the descrip-
tion of the left panel in Figure 4B. except that the last pacing
impulse was delivered at a rate of 160 beats/min. Right panel,
Identical to the description of the right panel in Figure 4B. Note
again that the right ventricular electrogram (VEG) recording site
is activated only by an orthodromic wavefront from the pacing
impulse. See text for discussion.
Figure 7. Leads I and VI recorded simultaneously with the atrial
pacing stimulus (Si artifact (Stirn) or atrial electrogram (AEG) and
the unipolar ventricular electrogram (VEG) at the termination of
atrial pacing at a rate of 160beats/min (375 ms). All intervals are
in milliseconds.
Interruption of Ventricular Tachycardia
Pacing at 165 beats/min. Figure 9 shows atrial pacing
at a rate of 165 beats/min (364 ms cycle length) recorded
3 '12 seconds after the onset of pacing. The ventricular rate
364 364
Stirn.
Figure 9. Leads I and VI recorded simultaneously with the atrial
pacing stimulus (S) artifact (Stirn), and the unipolar ventricular
electrogram (VEG) during atrial pacing at a rate of 165 beats/min
(364 ms cycle length). The circled stars denote an abrupt change
in configuration of the recordedQRS complexes in both leads and
in the unipolar ventricular electrographic complex . In the ventric-
ular electrographic tracing, each arrow points to the resulting
ventricularelectrogram. Before the change in configuration of the
QRS complex and ventricular electrogram, the stimulus to ven-
tricular electrogram interval is 640 ms. Then, after the localized
block to the ventricular electrographic recording site, the stimulus
to ventricular electrogram interval becomes 305 ms. Note also that
this localized conduction block is associated with a one cycle
increase in the beat to beat cycle length localized to the ventricular
electrographic recording site (from 364 to 425 and then back to
364 ms). In the lead I tracing, the dashed arrows represent the
antidromic wavefronts and the associated solid arrows represent
the orthodromic wavefronts from the 5th and 6th pacing impulses.
After the block of both the antidromic and the orthodromic im-
pulses of the 6th pacing impulse in the reentrant loop of the ven-
tricular tachycardia, the ventricles are activated by the 7th pacing
impulse. as expected. during overdrive atrial pacing of a sinus
rhythm. All intervals are in milliseconds.
11 . I~J~ I II II 11"'r'''Vt' l '" '" '"~'~~ro632'sAPace 160 bpm- offI
yet a different configuration and shorter duration than the
previous spontaneous rate with termination of pacing. Note
also that conduction time from the last stimulus artifact to
the last transiently entrained ventricular electrogram is 632
ms, and that , again, the configuration of the right ventricular
electrogram during pacing is unchanged compared with that
during the spontaneous ventr icular tachycardia. Figure 8
diagrammatically depicts ventricular activation consistent
with these data.
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has increased to the atrial pacing rate, and a fusion QRS
configuration in leads I and V I is present (representing fur-
ther progressive fusion), Initially, the right ventricular elec-
trogram maintains its same configurationas during the spon-
taneous tachycardia, indicating a period of transient entrain-
ment. However, the QRS configuration suddenly changes
to a right bundle branch block pattern (star), the same con-
figuration recorded during previous periods of sinus rhythm.
The right ventricular electrographic configuration alsochanges
(star), indicati~g that the right ventricular recording site is
activated from a different direction than during both the
period of spontaneous ventricular tachycardia and the pre-
vious periods of transient entrainment. In fact, it is the same
ventricular electrographic configuration that was recorded
during previous sinus rhythm. Figure 10 illustrates the ter-
mination of atrial pacing at 165 beats/min recorded several
seconds after the last beat in Figure 9, Note that the ven-
tricular tachycardia has been interrupted after termination
of pacing, Figure II shows that sinus rhythm resumes about
3 secqnds after termination of pacing,
Localized conduction block. Analysis of the sequence
of events in Figures 9 and 10 and events during the ter-
mination of pacing in Figures 3, 5 and 7 demonstrates that
the abrupt change in configuration of the right ventricular
electrogramand simultaneousappearance of the right bundle
branch block pattern in the electrocardiographic leads (Fig.
9) are associated with localized block of one pacing impulse
to the right ventricular recording site. During transient en-
trainment of the ventricular tachycardia at atrial pacing rates
of 150 (Fig. 3), 155 (Fig. 5) and 160 beats/min (Fig. 7),
conduction times from the atrial pacing site to the right
ventricular recording site were 620, 626 and 632 ms, re-
spectively, considerably longer than each respective pacing
cycle length. This remarkably prolonged conduction time
Figure 10. Leads I and V I recorded simultaneously with the atrial
pacing stimulus (S) artifact (Stirn) or atrial electrogram (AHi) and
unipolar ventricular electrogram (VEG) at the termination of atrial
pacing at 165 beats/min. In the top trace, the arrows from each
stimulus artifact point to the resulting QRS complex.
A Pace 165 bpm off
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Figure I I. This figure is continuous with the end of Figure 10
and shows Leads I and V I recorded simultaneously with a bipolar
atnal electrogram (AHj) and unipolarventricular electrogram (VEG).
is most easily appreciated by examining the interval from
the last atrial pacing stimulus to the last entrained beat at
the right ventricular electrographic recording site (Fig. 3,5
and 7). This very long conduction time resulted in the pres-
ence of a skip phenomenon:that is, the atrial pacing stimulus
and its resulting right ventricular electrogram were always
temporally separated by a right ventricular electrogram caused
by a previous atrial pacing stimulus.
However. as is clear from analysis of the data in Figure
10,at the termination of atrial pacing at a rateof 165 beats/min,
there is no skip phenomenon. Rather, the last atrial pacing
stimulus is immediately followed by its resulting right ven-
tricular electrogram. Furthermore, as one works back from
the last atrial pacing stimulus and its associated ventricular
electrogram to the point where the morphologic changes
occur in the right ventricular electrogram and the QRS com-
plexes in leads I and V I (Fig. 9 and 10), it becomes clear
that the skip phenomenon was present before those changes.
However, with the occurrence of those changes, there was
no longer any skip phenomenon. Thus, there had to be
localized block of one pacing impulse to the right ventricular
recording site. The presence of localized block is further
~upported by the localized prolongation of the cycle length
from 364 to 425 ms immediately preceding the change in
ventricular electrographic configuration. After the localized
block, the right ventricular recording site was activated by
the next pacing impulse, but from a different direction (sup-
ported by the change in electrographic configuration re-
corded from this fixed electrode) and with a shorter con-
duction time (305 ms compared with the immediately
preceding 640 ms) (Fig. 9). And again, the cycle length at
this site was the same as the pacing cycle length. The dem-
onstration of localized conduction block to a site followed
by activation of that site from a different direction and with
a shorter conduction time is another suggested criterion for
demonstrating a reentrant rhythm (2).
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impulse continue to collide with the orthodromic wavefronts
from the previous beat, resulting in a fusion QRS config-
uration. Abruptly, however, not only are the antidromic
wavefronts of the subsequent pacing impulse blocked by
the orthodromic wavefronts of the preceding beat, but the
orthodromic wavefront of that same pacing impulse is also
blocked during the same beat. This results in interruption
of the ventricular tachycardia. There being no more func-
tional reentrant loop, the wavefront from the next atrial
pacing impulse is conducted to and activates the ventricles
as if one were overdrive pacing a sinus rhythm. resulting
in the usual QRS configuration for a normally conducted
supraventricular beat in this patient. Therefore, the electrode
recording site in the right ventricular epicardium is activated
from a different direction (explaining the resulting change
in configuration of the right ventricular electrogram) and
with a shorter conduction time (because the activation wave-
Figure 12. Diagrammatic representation of events recorded in
Figure 9. Left panel, The large arrow indicates the wavefront
from the pacing impulse delivered at a rate of 165 beats/min en-
tering intothe reentrant loop of theventricular tachycardia, where
it is conducted orthodromically (X + 1[0]) and antidromically (X
+ I[a]). The antidromic wavefronts collide with the orthodromic
wavefronts from the previous beat (X) resulting in fusion of ven-
tricular activation. Thistime, however, theorthodromic wavefront
is also blocked (in the area of slow conduction) during the same
beat. Note thattheright ventricular electrographic (VEG) recording
site is still activated by the orthodromic wavefront of the previous
beat (X). Right panel, Thelarge arrows indicate the next pacing
impulse (X + 2) delivered at thesame pacing rate (165 beats/min)
from thesame atrial pacing siteas in the leftdiagram. Thedashed
linesindicate thereentrant loop present during theprevious periods
of spontaneous ventricular tachycardia and transient entrainment
of the ventricular tachycardia. Because the ventricular tachycardia
has been interrupted by the previous pacing impulse (X + I), the
sequence of ventricular activation of the next pacing impulse (X
+ 2) is as one would expect during overdrive pacing of a sinus
rhythm. Therefore, the right ventricular electrographic (VEG) re-
cording site is activated from a different direction than during
previous periods of transient entrainment from the same pacing
site. In addition, because the presumed area of slow conduction
is no longer functionally present. the stimulus to right ventricular
electrogram conduction time will be shorter. See text for discussion.
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Analysis of conduction times from the atrial pacing stim-
ulus to each associated right ventricular electrogram during
atrial pacing is of some interest. The stimulus to onset of
the QRS complex interval (equivalent to a PR interval)
varied from 235 ms at the slowest atrial pacing rate (150
beats/min) to 255 ms at the fastest atrial pacing rate (165
beats/min), these intervals being long as a result of prolon-
gation of the AV nodal conduction time associated with
rapid atrial pacing (8). The stimulus to right ventricular
electrogram interval varied from 620 ms during transient
entrainment at the atrial pacing rate of 150 beats/min to 640
ms during transient entrainment at the atrial pacing rate of
165 beats/min. The 20 ms increase in this interval is also
undoubtedly explained largely by prolongation of AV nodal
conduction time at the faster pacing rate (8). However, the
enormous difference (385 ms) between the stimulus to onset
of ventricular activation interval and the stimulus to right
ventricular electrogram interval, present during transient en-
trainment at each pacing rate, strongly supports the presence
of an area in the ventricular tachycardia reentrant loop of
slow conduction through which the orthodromic wavefront
of each pacing impulse travels before it reaches the right
ventricular electrographic recording site. This, of course, is
completely consistent with the present understanding of the
requirements to obtain and maintain a reentrant rhythm (9).
Of further interest, conduction through this region must take
place during the interval between inscription of the QRS
complexes, yet no indication of ventricular activation ap-
pears in the electrocardiograms during this interval.
Finally, whether slow conduction in this area of the ven-
tricles persists after interruption of the ventricular tachy-
cardia is uncertain. However, the fact that immediately after
interruption of the ventricular tachycardia, the stimulus to
right ventricular electrogram interval decreased by 335 ms
and the QRS complex configuration returned to "normal"
suggests that this area of slow conduction in the ventricle
was only functionally present during the ventricular
tachycardia.
Causes of electrographic changes during pacing at 165
beats/min. The changes in configuration of the QRS com-
plexes in electrocardiographic leads I and V I and in con-
figuration of the right ventricular electrogram that occurred
during atrial pacing at 165 beats/min can be explained by
the following sequence (Fig. 12): During the initial period
of transient entrainment at the atrial pacing rate of 165
beats/min, each wavefront from the pacing impulse is con-
ducted antidromically and orthodromically into the reentrant
loop. Thus, initially the ventricular electrographic config-
uration is unchanged from that during the spontaneous ven-
tricular tachycardia and during pacing at the previous slower
rates, because this site is still activated by an orthodromic
wavefront. The antidromic wavefronts from each pacing
lACC Vol. 3. No.2
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front to this site no longer has to enter the reentrant loop
orthodromically and travel through the loop and its pre-
sumed area of slow conduction to the recording site).
Discussion
Reentrant mechanism of transient entrainment and
interruption of tachycardia. Our case is a clear and dra-
matic representation of transient entrainment and ultimate
interruption of ventricular tachycardia with rapid atrial pac-
ing. Extrapolatingfrom our understandingof the mechanism
of transient entrainment and interruption of atrioventricular
(AV) bypass pathway type and paroxysmal atrial tachy-
cardia (2), the data from this case are best explained by an
underlying reentrant mechanism. As in the case of AV by-
pass pathway type paroxysmal atrial tachycardia, transient
entrainment of the ventricular tachycardia by rapid atrial
pacing is explained by early entrance of the wavefront from
each pacing impulse into the excitable gap of a reentrant
loop in both an antidromic and orthodromic direction. Each
antidromic wavefront from each impulse collides with the
orthodromic wavefront of the preceding beat resulting in a
constant fusion QRS configuration. Each orthodromic wave-
front from each pacing impulse resets the ventricular tachy-
cardia, resulting in an increaseof the ventricular tachycardia
to the pacing rate. With termination of pacing because the
orthodromic wavefront of the last pacing impulse is unop-
posed by an antidromic wavefront of a subsequent pacing
impulse, the last entrained beat shows no fusion QRS
configuration.
During transient entrainment at progressively faster pac-
ing rates (150, l55 and 160 beats/min), the shorter pacing
cycle lengths associated with these rates resulted in earlier
entrance into the reentrant loop by the wavefronts from each
pacing impulse. Therefore, the antidromic wavefront of each
pacing impulse was able to penetrate the reentrant loop to
a greater degree with each increment in pacing rate. Thus,
while the place of collision of each antidromic wavefront
with the preceding orthodromic wavefront was constant at
each pacing rate, it was altered with each change in pacing.
resulting in constant QRS fusion configuration at each pac-
mg rate but progressive fusion of QRS configuration when
comparing pacing at the different pacing rates.
Interruption of the ventricular tachycardia with rapid
pacing only occurred when the antidromic and orthodromic
wavefronts of the same pacing impulse were blocked during
the same beat. This was identified by localized conduction
block to a portion of the ventricles followed by activation
of this same portion of the ventricles by wavefronts from
subsequent pacing stimuli. These latter wavefronts activated
the "blocked"sites from a different direction and with a
shorter conduction time because these sites were no longer
being activated by an orthodromic wavefront from the reen-
trant loop, but rather as one would expect when overdrive
pacing a sinus rhythm from that pacing site.
The demonstration of these responses of ventricular
tachycardia to rapid pacing are best explained by a reentrant
mechanism with the reentrant loop of the tachycardiahaving
an excitable gap (2). They cannot suitably be explained by
other known mechanisms such as normal or abnormal au-
tomaticity (10), triggered activity (11-15) or a parasystolic
focus (16,17) in which intrinsic rhythm is generated by any
mechanism.
Implications for treatment of ventricular tachycardia
with rapid pacing. These studies also highlight two other
matters of practical importance for the treatment of ven-
tricular tachycardia with rapid pacing. First, as we have
demonstrated previously ( I), in order to interrupt ventricular
tachycardia with rapid pacing techniques, a critically rapid
rate must be achieved. Pacing at rates faster than that of the
spontaneous ventricular tachycardia but slower than the crit-
ically rapid rate will only transiently entrain the tachycardia.
These observations are similar to those previously demon-
strated for atrial flutter (3,18-20), AV bypass pathway type
paroxysmal atrial tachycardia (2) and ectopic atrial tachy-
cardia (21). Second, atrial pacing at sufficiently rapid rates
can interrupt ventricular tachycardia provided I: I AV con-
duction at the critically rapid rate can be achieved.
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